Abstract -When a sow copulates with different boars, fecundation can take a slant towards the best quality male, which should have a more competitive ejaculation. In polyandric animals, genitals can be more elaborated and be an indication of spermatic competence or cryptic female choice. In swine, the male and female genital morphologic characteristics are evidence that allow the assumption of spermatic competence and cryptic choice in this species. In order to prove this hypothesis, the paternity of a group of 18 York/Landrace (Y/N) sows was determined; these sows copulated with three boars: Yorkshire (Y/Y), York/Landrace (Y/N) and Landrace (N/N). The three boars had the same probability of copulating in the first, second, and third place with each of the sows in an interval of 12 hours between each mating. Four polymorphic molecular markers were used in order to establish the paternity (S0033, S0035, S0036 and S0037). The results indicate that the Y/N male had 85.59% of paternity, Y/Y male 8.8% and N/N 5.8%. According to the mating order, when the Y/N male copulated in the first place, it had 89.6% paternity (26 offspring; 12 males; 46.15% and 14 females, 53.85%) when it copulated in the second place, it had 100% paternity (8 offspring; 4 males, 50% and 4 females, 50%), and when it mated in the third place, it had 77.41% paternity (22 offspring; 13 males, 59.1% and 9 females, 40.9%). Sows in estrus participated in the removal of semen from four sows minutes after the copula by female-female mating. The multiple mating allowed certain competence among the ejaculation and the possibility of the female to slant the paternity towards the heterozygote male with higher genetic variability, compared to the homozygote male (Y/Y and N/N). accouplements multiples / choix cryptique de la femelle / microsatellites / porc
INTRODUCTION
Feral male pigs (sus scrofa) are usually solitary, but during the mating season they compete actively for the access to sows in estrus [13, 18, 35] . In swine farms, it is sometimes observed that when sows in estrus are put together with males for mating purposes, some of the latter do not show any interest in some females, and also, some females apparently do not allow some males to mate them. It has also been seen that some males need to perform a larger number of persuasions in order to copulate [30] [31] [32] .
Males and females follow different strategies to maximize their reproductive success; with males, the success rests on the number of females it can have offspring with. In most of the social animal groups, females mate with more than one male during a sexual cycle. This is the reason why females promote extra-couple mating with more attractive males than those they have mated with [24] . It has been documented that the female not only practices the selection of a couple at a behavioral level, but also that it continues after mating in the female's reproductive tract at a physiological and behavioral level. This will allow the female to influence the possibilities of success of the ejaculations from different males when fertilizing their ovum [15] . Studies on multiple paternities have been documented on mammals from the use of molecular markers, as microsatellites [16, 17] . The fact that the female can slant the paternity towards one of the males she has mated with can be advantageous if this is reflected in the genetic quality improvement of offspring; this strategy is known as cryptic choice [10] .
The sow's reproductive tract is frequently complex and hostile toward sperm cells. It has been suggested that the reason why the female mates with more than one male is that sperm from different males compete in its reproductive tract. Some ways the sow can slant the sperm from different males are present when the female seeks to mate with another male immediately after having mated with a low quality male. She can use much more complex physiological mechanisms, such as avoiding embryo implantation in the case of mammals, expelling most of the sperm it has received, not ovulating, not laying eggs or laying fewer eggs than usual, aborting, ending the mating prematurely, etc. All of these mechanisms have been seen in at least one species.
Experimental evidence also demonstrates that the courtship during mating is useful to increase the egg fertilization probability from the male that did it. In the American butterfly (Utheteisa ornatrix), females slant paternity towards the older male they mated with [4, 5, [10] [11] [12] 15] .
In the male, the morphologic characteristics of the penis, such as length (45 to 50 cm), the spiral in the glans (from two to three spirals) and the secretion from the vaginal tap (from 40 to 60 g), as well as the complexity of the female reproductive tract such as a long cervix (10 cm) with a ring with a left thread shape forming a spiral, with two flexible and mobile uterine horns, the reduction of the neck's light in the uteru-tubaric union in the sow, according to Eberhard [10] these are evidence that allow the supposition of sperm competence and cryptic choice existence in this species. In a study on swine [1] , the pre-mating choice from the sow in estrus was determined, in addition to the mating behavior in the Yorkshire, York/Landrace and Landrace breeds. It was found that the females show a pre-mating choice towards the Y/N male. This very male presents a preference towards "nose-vaginal contacts" displayed when the female is presented to the male for mating.
This study was performed using microsatellites as molecular markers in order to prove if the females' pre-mating choice slant is correlated to paternity.
MATERIALS AND METHODS

Area of study
The laboratory study to determine the paternity in swine was developed at the 
Swine genetic quality determination
Boars were acquired from three swine farms; one located in the Municipality of [19, 20] . A semen evaluation was performed on each male in order to determine their sperm genetic viability, as well as the semen count per milliliter. The semen was collected using the gloved-hand technique [6, 34] . The semen standard parameters were evaluated macroscopically as well as microscopically. Motility was determined visually under an optic microscope. The percentage of morphologically abnormal sperm was performed with Neubauer chamber counting. In order to verify the real sperm viability, each boar was mated with a sow; their fertility was proven [28] . 
Multiple mating
Estrus in females was detected according to the reported characteristics [3, 21] . In order to register the choice and premating behavior, each sow was located in the experimentation area ( Fig. 1) , which consisted in a closed square pen of 3 m 2 . Each wall had a 1 m 2 window to the floor, delimited by steel bars each 20 cm, which allowed olfactory, visual, auditory and partially tactile communication of each sow with the boars, which were located in pens attached to that of the sow. Males were systematically rotated from their pens after each female pre-mating choice in order to avoid slants in the sows behavior due to the place and not to the boar. The pigs pre-mating behavior register was performed by means of the "mate focal" sampling [2, 25] . Each pre-mating behavioral register event lasted for 15 minutes, starting with the introduction of the female into the experimentation area. The female pre-mating choice of the males was determined by registering the time when the sow was in contact with the barrier where the males were located, as well as with the frequency of the approaching conducts, sniffing and nose-nasal contact displayed from the females to the males. This procedure was performed following the ethogram according to what was reported by Blackschaw [7] . For swine courtship the following was observed: approaching, sniffing, nose-nasal contact, vagina sniffing, nibbling, teeth clattering, vocalizations, prepuce secretions and salivation. For the register of mating conducts, each female was placed with the corresponding male according to the mating order (Tab. I).
Mating conducts displayed by the males were attempts of mounting; mounting with intromission, copula, and some pre-mating conducts were also registered. The time of the copula was registered, as well as the deposition of the vaginal tap (gelatinous secretion deposited by the male during ejaculation) [1] . After mating, sows were placed in other pens, along with other females in proestrus and estrus, this is when the femalefemale interactions were registered.
Paternity determination
Blood samples were taken from the male, female and their offspring using sterile lancets. In order to avoid human DNA contamination of the simples, latex gloves were used. The blood samples were collected in sterile gauze and were kept safe inside individual sealed plastic bags. A phenol chloroform technique was used to extract the DNA from the pigs [23] . In order to determine paternity, 4 polymorphic swine microsatellites were selected as molecular markers (Tab. II). The main chain oligonucleotides of each molecular marker were synthesized using the 6-FAM fluorescent marker by Applied Biosystems in the United States, whereas the secondary sequences with the same initiators were synthesized by Invitrogen.
Conditions of RCP
From the following components, 15 µL of reaction blend were used: 1.5 µL of buffer 10X; 1.5 µL (25mM) of MgCl 2 ; 1.5 µL of dNTP mixture (250 µM of each dNTP); 0.5 µL (5 µM) of each initiator blend; 0.20 µL of polymerase taq, (50 ng·µL −1 ) genomic DNA, distilled and de-ionized water was added in order to obtain a final blend of 15 µL.
The samples were amplified using a J.M Research thermocycler for 60 samples, under the following conditions: for the S0033: 30 cycles of 1min at 92
• C, 30 s at 58
• C, 1 min at 72 • C, followed by a final extension of 5 min at 72
• C. For the S0035: 30 cycles of 30 s at 92
• C; 5 min at 65
• C, followed by a final extension of 5 min at 65
• C. For the S0036: 30 cycles 30 s at 92
• C, 5 min at 65
• C followed by a final extension of 5 min at 65
• C. For the S0037: 30 cycles 1 min at 92
• C, 30 s at 55
• C. The amplified sample was verified by placing 4 µL of the amplified product in an agarose gel 2% and it was read in a transluminator.
Preparation and running of the samples in the GeneScan
In each eppendorf tube 0.5 mL, 12 µL of de-ionized formamide, 15 µL of GeneScan-350, and 1 µL of each amplified product were mixed. The samples were run by capillary electrophoresis with fluorescent marking in an ABI PRISM 310 Genetic Analyzer [14] .
RESULTS
Each male copulated with 18 sows, from which 166 piglets were born. The genetic analyses with the S0033, S0035, S0036, S0037 molecular markers were useful to determine the paternity of 68 piglets. The S0033 marker did not amplify hence; it was not useful as a marker.
From the 68 established paternity piglets, 85.29% were from the Y/N male, the Y/Y male got 8.8%, while the N/N male got 5.8% (Tab. III).
From the 18 copulated females by the three males, it was only possible to determine the offspring from 10 females. The paternity was of 58 piglets for the Y/N male, 6 piglets for the Y/Y male and 4 piglets for the N/N male (Tab. IV).
According to the mating order, when the Y/N male copulated in the first place it got 89.6% of the paternity (26 offspring; 12 males, 46.15% and 14 females, 53.85%), when it copulated in the second place, it got 100% of the paternity (4 males, 50%, and 4 females 50%), and finally, when it copulated in the third place, it got 77.41% of the paternity (22 offspring; 13 males, 59.1%, and 9 females, 40.9%) (Tab. V).
After the copula, the sows were placed in a pen for sows in estrus and there, at different times, 4 females (1, 7, 10 and 13) were copulated by other females (10, 16, 6) and in all cases, the vaginal tap was expelled as well as part of the ejaculation placed by the male that had just copulated (Tab. VI).
DISCUSSION
The S0035, S0036, S0037 markers were amplified and were used to identify the paternity of 39.75% of the offspring. This paternity percentage is possible for the reason that Brown et al. [8] reported them as polymorphic microsatellites when they used them for a 10-swine sample for the S0035 and for a 13-swine sample for the S0036 and S0037 of the breeds studied here, it is probable that these microsatellites are not very specific. Marker S0033 did not amplify any sample, so it was discarded as a marker. When microsatellites are used as molecular markers, there is not always a hundred percent paternity, for example, in a study with swine embryos [29] , paternity was identified using molecular markers; TNFm2, S0082, S0097, obtaining 80%; later, two markers were used (OPN and SW314) obtaining the paternity identification of 15 embryos more, increasing the percentage to 95.8%.
The results shown in Table IV indicate a higher paternity percentage from the Y/N male in comparison to Y/Y and N/N males. In this matter [29] , 11 sows were inseminated using a 1 × 10 9 semen dose in a heterospermic blend from two males. It was found that from 95 embryos, 28 were from one of the boars, 63 from the other, and four could not be determined. No comments are made with respect to the male breeds; the females were Yorkshire, the same as that used in this study. One of the conclusions of that study is that the number of accessory spermatozoa was positively related to the fertilization capability, more than with the fertilization rate. In this study, these parameters were not measured and are thus points to be considered in later research.
The fact that Aguilera et al. [1] have found that before the copula, the York/Landrace females chose behaviorally Y/N male over Y/Y and N/N males, indicates a certain preference towards the Y/N male, which was reflected in the paternity despite the fact that the females copulated with the three males. The multiple mating performed by the females allows that, presumably the sows' ovules are fertilized mainly by the male with better genetic quality (Y/N) considering that the homozygote males (Y/Y and N/N) are of a better genetic quality. In this respect, Madsen et al. [26] comment that in adder populations where consanguinity is high, females do not choose better genetic quality males at a phenotypical level, however, when copulating with several males, they ensure to be fertilized by the one with better quality, which should present a more competitive ejaculation. It is possible that an ejaculating selection mechanism had taken place at the females' reproductive tract and was due to an unknown process; the majority of their ovules were fertilized by sperm from the male which presented more genetic variability. In this respect, Hunter [22] comments that the sperm distribution from different swine ejaculations in the female reproductive tract is not uniform, and that those that surpass the morphologic barriers of the utero-tubar region and isthmus and that reach the oviduct will have a higher probability of fertilizing.
According to Aguilera et al. [1] the odoriferous secretions liberated to the atmosphere by the males during the premating phase were useful as indicators for the females to slant their selection towards the Y/N male, hence, the probable mechanism of this selection is the female hypothalamus and amygdale, facilitating the secretion of the gonadrotropinreleasing hormone (GnRH) and the later release of the follicle stimulant (FSH) and luteinizing (LH) hormones, favoring the sows ovulation. On the contrary, the frequent sniffing on the females' flanks could stimulate oxytocin secretion by the females' neurohypophysis, provoking caudocephalic contractions of the uterus and oviduct, facilitating spermatozoa transportation, and favoring the fertilization probabilities [27] .
The gender proportions of the Y/N male offspring were maintained to what in terms of sexual proportion was expected (51.8% males and 48.2% females). However, the Y/Y male paternity did vary (66.6% male and 33.3% females), as well as for the N/N male (0% males and 100% females). Nevertheless, the low frequency of offspring for these pigs does not allow the male and female proportions to be expressed in the expected statistical terms.
The four sows that were mated by other females provoked the expulsion of the seminal tap as well as the ejaculation, this is explained in terms of femalefemale competence, it means, the mounting females reduce the mounted females' fertilization possibilities, and presumably, increase their adequacy. Female-female sexual patterns have been observed in sheep (Ovis aries) [35] , cows (Bos taurus) and Japanese macaques (Macaca fuscata) [33] , as a form of intersexual competence.
We consider that the spermatic defense mechanisms in this study were low since the time lapsed between copulas by each male was of 12 hours. Hence, the slant in the larger percentage of the Y/N male paternity could be explained in terms of feminine cryptic choice.
